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Abstract
Background: Aging leads to increases in gait variability which may explain the large incidence of
falls in the elderly. Body weight support training may be utilized to improve gait in the elderly and
minimize falls. However, before initiating rehabilitation protocols, baseline studies are needed to
identify the effect of body weight support on elderly gait variability. Our purpose was to determine
the kinematic variability of the lower extremities in young and elderly healthy females at changing
levels of body weight support during walking.
Methods: Ten young and ten elderly females walked on a treadmill for two minutes with a body
weight support (BWS) system under four different conditions: 1 g, 0.9 g, 0.8 g, and 0.7 g. Three-
dimensional kinematics was captured at 60 Hz with a Peak Performance high speed video system.
Magnitude and structure of variability of the sagittal plane angular kinematics of the right lower
extremity was analyzed using both linear (magnitude; standard deviations and coefficient of
variations) and nonlinear (structure; Lyapunov exponents) measures. A two way mixed ANOVA
was used to evaluate the effect of age and BWS on variability.
Results: Linear analysis showed that the elderly presented significantly more variability at the hip
and knee joint than the young females. Moreover, higher levels of BWS presented increased
variability at all joints as found in both the linear and nonlinear measures utilized.
Conclusion: Increased levels of BWS increased lower extremity kinematic variability. If the intent
of BWS training is to decrease variability in gait patterns, this did not occur based on our results.
However, we did not perform a training study. Thus, it is possible that after several weeks of
training and increased habituation, these initial increased variability values will decrease. This
assumption needs to be addressed in future investigation with both "healthy" elderly and elderly
fallers. In addition, it is possible that BWS training can have a positive transfer effect by bringing
overground kinematic variability to healthy normative levels, which also needs to be explored in
future studies.
Published: 19 September 2008
Journal of NeuroEngineering and Rehabilitation 2008, 5:22 doi:10.1186/1743-0003-5-22
Received: 7 March 2008
Accepted: 19 September 2008
This article is available from: http://www.jneuroengrehab.com/content/5/1/22
© 2008 Kyvelidou et al; licensee BioMed Central Ltd. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Journal of NeuroEngineering and Rehabilitation 2008, 5:22 http://www.jneuroengrehab.com/content/5/1/22
Page 2 of 11
(page number not for citation purposes)
Background
Previous research has shown that gait in the elderly tends
to slow down due to the natural aging of all biological sys-
tems [1-4] and/or fear of falling [5]. In addition, elderly
reduce cadence, which results in an increase in the gait
cycle time. They also exhibit decreased range of motion at
the hip, knee, and ankle joints, as well as an increased
stance time due to a longer duration of the double support
[2,3]. Recently, investigators have also explored how
aging affects the variability of these gait parameters. This
research has revealed that the amount of variability of step
length, step width, and stance time is increased in elders
when compared to young subjects, or proportionally
between fallers and both non-fallers and young subjects
[5-10]. These studies suggested that increased amount of
gait variability may be closely associated with increased
risk of falling. Buzzi et al. [11] and Kurz and Stergiou [12]
also examined the structure of variability present in the
time series generated from gait parameters of two different
age groups using nonlinear analysis. They found that the
elderly exhibited significantly higher nonlinear indexes
(e.g., Lyapunov exponent, Entropy). The authors sug-
gested that gait variability degrades with physiologic aging
resulting in increased randomness and noise in the neu-
romuscular system. They suggested that this may be one of
the reasons for the increase in falling due to aging.
Body weight support (BWS) systems provide with an
interactive approach to gait training, because they can be
used to manipulate stability and balance by changing lev-
els of body weight while stepping [13]. This training
involves suspending a patient in a harness over the tread-
mill, which allows for a percentage of the patient's weight
to be relieved. The training allows for repetitive locomotor
training throughout a complete gait cycle. The first BWS
gait training studies involved spinalized cats [14,15], in an
effort to evaluate the benefits of BWS and observe whether
gait could be recovered. The original results for these ani-
mal models were encouraging and thus, the usage of BWS
has been expanded in human patient populations. Recent
research has revealed that gait training with a BWS tread-
mill system has great promise to improve the ability to
walk in patients with neurological diseases such as spinal
cord injury [16-19], Parkinson [20] and stroke [21-28]. In
Parkinson patients, BWS gait training increased speed and
stride length [20]. In stroke patients, improved stepping
coordination [27], bestowed greater independence [28],
and reduced the fear of falling [25]. In patients with mul-
tiple sclerosis, resulted in improvements in muscle
strength, spasticity, endurance, balance, walking speed,
and self-reported quality of life. Possibly, these positive
results could also be generated for the elderly.
In aging adults, peripheral nerves conduct impulses
slower, resulting in decreased sensation, slower reflexes,
and even clumsiness [29,30]. This is due to degeneration
of myelin sheaths due to decreased blood flow which is
accompanied with inability for axonal self-repair [29,30].
Aging is also associated with decreases in glial cells of the
central nervous system [29,30]. Furthermore, aging results
in significant low back pain due to degeneration of the
vertebrae [29,30]. However, BWS training was credited
with alleviating, or completely relieving, lower back and
leg pain during ambulation [31]. Treadmill training has
also been found to enhance axonal sprouting and elonga-
tion in injured peripheral nerves [32]. In addition, as the
walking pattern is repeated during BWS training, the affer-
ent input interacts with local neuromuscular control net-
works and modulates timing of muscle activation which
helps determine the efferent pattern that is generated [33].
Since aging adults suffer from miscommunication
between muscle activation and the commands given by
the central nervous system, BWS gait training may help to
better establish the supraspinal control of motion by
increasing voluntary control of muscle groups. In fact,
body weight unloading has already been used with
healthy elderly through underwater treadmill walking and
BWS gait resulting in improved gait speed and muscle acti-
vation patterns. [34-36] Such physiological improve-
ments may also result in lowering to normative levels the
increased gait variability that has been associated with
increased risk of falling. The anticipated outcome would
be fewer falls and less injury among the elderly. Clinical
trials would verify such claims. However, before the
employment of clinical trials, baseline studies are needed
to identify the effects of BWS on elderly gait variability.
Therefore, the purpose of this study was to determine the
kinematic variability of the lower extremities in young
and elderly healthy females at changing levels of BWS dur-
ing walking. Magnitude and structure of variability of the
sagittal plane angular kinematics of the right lower
extremity was analyzed using both linear (magnitude;
standard deviations and coefficient of variations) and
nonlinear (structure; Lyapunov exponents) measures
[37]. It was hypothesized that increased levels of BWS
would decrease both linear and nonlinear measures of
angular kinematic variability of the hip, knee and ankle
joints. It was also hypothesized that this effect would be
greater for the older than the young females.
Methods
Subjects
Twenty young and elderly females from the community
population volunteered to participate in the study.
Recruiting was done by word of mouth on campus, as well
as fitness facilities in the community. Ten of the subjects
were between the ages of 20–35 years (mean age: 24.3,
SD: 3.2 yr; mean height: 167.5, SD: 8.2 cm; mean weight:
67.3, SD: 10.6 kg), while the other ten were 70 years or
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older (mean age: 73.4, SD: 3.2 yr; mean height: 159.2, SD:
5.1 cm; mean weight: 72.5, SD: 10.8 kg). The subjects
were in good health and capable of walking on a treadmill
at a self-selected speed without holding on the handrails.
None of the participants had injuries, diseases or limita-
tions that restricted their participation in the study. Prior
to participation, each subject completed an Adult
Informed Consent Form approved by the university's
Institutional Review Board.
Experimental protocol
A custom built BWS system was used for this investigation
(Figure 1). Our suspension system and experimental
methods were similar to those that have been used else-
where to explore the influence of body weight on the
mechanics of locomotion [38-45]. The BWS supplied a
nearly constant upward force on the center of mass of the
subject and counteracted the gravitational forces acting on
the locomotive system. This was accomplished with a
cable-spring-pulley system that was attached to a support
vest (Biodex Medical Systems, New York, USA) and a
hand winch that stretched the rubber spring elements that
were in series with the cable. A spring's force is equal to
the product of the spring constant (k) and the length of
the spring (x). Since rubber has a nonlinear response, we
adequately stretched the springs to place them within the
linear region that exist at the extremes of their stress-strain
elastic response. We assumed that the walking dynamics
remained within this linear region due to the relatively
small vertical oscillations of the subject's center of mass
that occur during locomotion. A wide range of body sup-
port levels were achieved by adding additional rubber
springs in parallel when the original spring would not
adequately provide the proper force levels for the respec-
tive body weight support conditions. The upward lifting
force values used in this experiment were measured with
a piezoelectric load cell (PCB Piezotronics Inc., Depew,
New York, USA) that was in series with the cable. Evalua-
tion of the load cell during the experimental conditions
indicated that our experiments were within 12% of the
prescribed body weight suspensions.
Triangulations of markers were placed on the thigh, shank
and foot segments. The three-dimensional positions of
these markers were captured with a high-speed video cap-
ture system at 60 Hz using two Panasonic WV-CL350
video cameras. Cameras were placed approximately two
meters apart and mounted at a height of 1.5 meters. One
camera was placed six meters from the center of the tread-
mill while the other camera was angled six meters from
the back end of the treadmill. The cameras were interfaced
with a Peak Performance Motus 4.0 system (Peak Per-
formance Technologies, Inc., Englewood, CO, USA). Data
collection by the video tracking system was triggered by a
manual transistor/transistor/logic switch. The two video
views were time-synchronized by the switch that initiated
data transmission. A standing calibration was also used to
correct for misalignment of the markers with the local
coordinate system of each of the lower extremity segments
[46]. This was accomplished by having the subjects stand
in a calibration fixture that was aligned with the global ref-
erence system. The calibration fixture positioned the sub-
ject's lower extremity in an anatomical position.
The subject was snuggly fitted in the body weight suspen-
sion vest and the investigator secured the leg straps that
extended from the vest. In order to minimize the vest
shifting up the torso with increased levels of BWS, air was
hand-pumped into the right and left chambers of the vest
until it was comfortably tight. Each subject performed
four conditions of treadmill walking at 1 g, 0.9 g, 0.8 g,
and 0.7 g (0%, 10%, 20% and 30%) BWS levels, with each
condition videotaped for two minutes. The upper BWS
level of 30% was selected based on recommendations
A subject walking at 1 g while being suspended by the Body Weight Support SystemFig r 1
A subject walking at 1 g while being suspended by the 
Body Weight Support System.
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from prior investigations [28,47] that indicate that the
gait kinematics are least distorted at 30% BWS or below.
Subjects were not allowed to hold onto the handrails dur-
ing gait. The treadmill was started at the slowest available
speed and five minutes were provided for the subject to
become familiar with walking on the treadmill. During
this time the subject established a normal gait pattern and
self-selected walking speed, which became the speed used
throughout the session. After this period, the treadmill
was stopped to connect the BWS vest to the pulley system.
The subject then resumed treadmill walking with 0% BWS
(full weight bearing) at the previously selected speed. For
the next minute, various levels of BWS were applied to
allow the subject to experience mechanical uploading of
body weight. The subjects were given sufficient time to
experience different levels of BWS, since it has been
shown that there is a short accommodation period when
walking in reduced gravity conditions [44].
For all four BWS conditions, subjects walked at their self-
selected speed determined earlier in the session. The level
of BWS for the first condition was always set at 0%. There-
after, the level of BWS was randomly adjusted to 10%,
20%, or 30% with each level being tested once. Brief
breaks occurred between conditions for adjustment of
BWS level. The treadmill emergency stop pull was accessi-
ble to the subject at all times.
Data analysis
The markers were digitized using the Peak Performance
Technologies Motus 4.0 system (Peak Performance Tech-
nologies, Inc., Englewood, CO, USA). The unfiltered time
series of the marker position data were then exported
from Peak system and was further analyzed using labora-
tory software developed in Matlab (Mathworks Inc., MA,
USA). It has been found that filtering of the displacement
data is not essential in our case because the data were not
differentiated for the calculation of derivatives (velocity
and acceleration; [48]).
Relative joint angles were calculated from the corrected
marker positions by the methods described by Vaughn et
al. [49] and Nigg et al. [46]. The minimum and maximum
joint angles of the hip, knee and ankle were identified for
each gait cycle for each condition. The range of motion
(ROM) was calculated by subtracting the maximum and
minimum values for each gait cycle. Two parameters that
measure magnitude of variability, the standard deviation
(SD) and coefficient of variation (CV), were estimated for
each of the respective variables. In the present study joint
kinematic variability was examined, because it has been
shown that variability of stride characteristics offers a less
sensitive measure of differences between groups than does
variability of the joint kinematics [50].
A parameter that can characterize the structure of variabil-
ity in a time series, the Lyapunov exponent (LyE), was also
estimated from the continuous data of the gait cycles. In
order to proceed with the calculation of LyE, it was
required to estimate the embedded dimension or the
dimension of the space that it lies in. In the present study,
the estimation of the embedded dimension was per-
formed using the global false nearest neighbor (GFNN)
analysis [51]. The GFNN calculation revealed that seven
embedded dimensions is required to reconstruct the state
space from a given time series. The estimation of the
embedded dimensions value allowed the calculation of
the LyE, which is a measure of the divergence of the data
trajectories in phase space, where the phase space is an n-
dimensional space with n being large enough to unfold
the attractor state [51]. The LyE describing purely sinusoi-
dal data with no divergence in the data trajectories is zero
because the trajectories overlap rather than diverging in
phase space. This shows minimum variability over time in
the data. The LyE for random noise which has a lot of
divergence in the data trajectories is approximately larger
than 0.5. This shows maximum variability over time in
the data. Chaotic data will be described by a LyE between
these two extremes [37,51]. The LyE has been previously
used with gait time series data to characterize the underly-
ing structure of variability during movement [11,52-56].
The numerical value of the largest LyE for each kinematic
data time series and for each subject was calculated with
the Chaos Data Analyzer (Professional Version, Physics
Academic Software; [57]).
Statistical analysis
A two way mixed (BWS level by age) analysis of variance
with the BWS level as the repeated factor was performed
on the subject means for SD, CV and LyE for the depend-
ent variables of the hip, knee, and ankle ROM. A Tukey
multiple comparison post hoc analysis was performed
when significant differences were identified. An inde-
pendent Student t-test was also used to compare the tread-
mill speed between the two age groups. The SPSS (Base
12.0, SPSS Inc., Chicago, IL) software package was used to
perform the statistical analysis. The level of significance
was set at 0.05.
Results
As expected there was a significant difference (t = 3.4; p =
0.004; df = 18) in the self-selected walking speed between
young (2.5 mph) and elderly (1.8 mph). The self-selected
walking speed of the elderly was significantly slower.
Standard deviation and coefficient of variation
No significant interactions were found between the two
factors for any of the dependent variables examined
(Table 1). The age factor had a significant effect for both
the SD and the CV of the kinematic data. In detail, the
Journal of NeuroEngineering and Rehabilitation 2008, 5:22 http://www.jneuroengrehab.com/content/5/1/22
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results showed significant differences for the hip ROM SD
(F(1,18) = 4.5; p = 0.048) and CV (F(1,18) = 7.8; p =
0.012), and the knee ROM CV (F(1,18) = 6.8; p = 0.017)
(Figure 2). The hip and knee kinematic data indicated that
the elderly had higher variability than the young in the
respective joints. No significant differences were found in
the variability of the ankle ROM between the young and
the elderly groups.
With respect to the main effect of the BWS factor, signifi-
cant differences were found for the hip ROM CV (F(3,54)
= 4.9; p = 0.004) and the ankle ROM SD (F(3.54) = 3.2; p
= 0.031) and CV (F(3,54) = 3.9; p = 0.012) (Figure 3). In
detail, hip ROM CV increased significantly from 0% to
30% BWS and 10% to 30% BWS. Ankle ROM SD and CV
increased significantly from 10% to 30% BWS.
Lyapunov exponent
No significant interactions were found between the two
factors for any of the dependent variables examined. Sig-
nificant differences were identified between the BWS con-
ditions, but not due to the age factor (Figure 4). For the
ankle joint, LyE at 10% BWS was found significantly
(F(3,54) = 4.9; P = 0.007) smaller than 30% BWS. At the
knee joint, LyE at 10% BWS was found significantly
(F(3,54) = 4.3; P = 0.012) smaller than 20% and 30%
BWS respectively. Lastly at the hip joint, LyE at 20% BWS
was found significantly (F(3,54) = 5.6; P = 0.004) larger
than 0% and 10% BWS, and LyE at 30% was found signif-
icantly larger than 10% BWS.
Discussion
The purpose of this study was to determine the kinematic
variability of the lower extremities in young and elderly
healthy females at changing levels of BWS during walking.
Specifically, measures of the magnitude (linear; SD, CV)
and the structure of variability (nonlinear; LyE) were
employed to examine the variability present in the joint
kinematic data. It was hypothesized that increased levels
of BWS would decrease both linear and nonlinear meas-
ures of angular kinematic variability of the hip, knee and
ankle joints. It was also hypothesized that this effect
would be greater for the older than the young females.
Overall our results refuted our first hypothesis showing
that increased levels of BWS resulted in increased variabil-
ity. Our second hypothesis was supported by the results
derived from the amount of variability measures. How-
ever, our results derived from the structure of variability in
the time series showed no changes due to age. Also, no sig-
nificant interactions were found between the two factors
for any of the dependent variables examined.
The analysis of the magnitude of variability suggested that
the elderly in the present study had significantly more var-
iability at the hip joint than the young (Figure 2). A simi-
lar result but not significant was found by Buzzi et al. [11]
for the maximum of the hip angle. These results can be
attributed to the decreased leg strength and flexibility
exhibited by the elderly as well as loss of somatosensation
[11]. Elderly individuals present reduced leg strength, hip
strength and somatosensory information [58], in addition
to exhibiting abnormal hip mechanics [59,60]. Kurz and
Stergiou [12] suggested that there was less certainty in the
aged central nervous system when selecting hip ROM dur-
ing gait, possibly due to the aging neuromuscular system,
which can influence gait stability. Presumably, there was
even less certainty of the elderly central nervous system
during gait with BWS. Findings of the present study
Table 1: Means of SD, CV and LyE for all dependent variables
Young Elderly
BWS levels 0% 10% 20% 30% 0% 10% 20% 30%
Linear
SD
Ankle ROM 2.348 2.392 2.569 2.744 2.652 2.205 2.522 3.205
Knee ROM 2.768 1.785 1.883 1.856 2.891 2.324 2.502 2.492
Hip ROM 1.360 1.296 1.510 1.531 1.985 1.712 1.818 1.994
CV
Ankle ROM 0.070 0.073 0.086 0.092 0.116 0.094 0.111 0.131
Knee ROM 0.033 0.027 0.029 0.029 0.050 0.041 0.044 0.045
Hip ROM 0.031 0.031 0.040 0.040 0.052 0.049 0.054 0.068
Nonlinear
LyE
Ankle 0.110 0.110 0.122 0.131 0.128 0.114 0.121 0.129
Knee 0.094 0.092 0.102 0.102 0.110 0.106 0.110 0.113
Hip 0.080 0.083 0.097 0.093 0.088 0.086 0.092 0.095
Means of SD (standard deviation), CV (coefficient of variation) for the dependent variables of the hip, knee, and ankle ROM, as well as the LyE 
(Lyapunov Exponent) values for the ankle, knee and hip joint for both age groups and all body weight support levels.
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The magnitude of hip and knee kinematic variability is increased due to age as revealed with the SD and CV analysisFigure 2
The magnitude of hip and knee kinematic variability is increased due to age as revealed with the SD and CV 
analysis. In the above graph, the statistical differences found in SD and CV values due to age are indicated with an asterisk.
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The magnitude of variability is generally increased due to level of BWSFigure 3
The magnitude of variability is generally increased due to level of BWS. The above graph, the statistical differences 
found in SD and CV values due to BWS level are indicated with an asterisk.
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The structure of the variability found in the time series of the kinematic parameters evaluated, changed due to level of BWSFigure 4
The structure of the variability found in the time series of the kinematic parameters evaluated, changed due 
to level of BWS. Higher levels of BWS revealed more divergence in the time series and more variability. The above graph 
includes the statistical differences found (with asterisk) in LyE values due to BWS level at each joint.
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showed significantly more variability of the knee joint in
the elderly as compared to the young females (Figure 2).
This is in agreement with Buzzi et al. [11] who found that
the elderly had a higher CV for the knee angle during
treadmill walking. Kurz and Stergiou [12] also reported
that there was less certainty in the neuromuscular system
of the elderly when ROM for the knee was being selected
during gait. If sensory feedback is inadequate during gait
then increased variability of the knee joint might occur in
the elderly. In addition, even though LyE values did not
differ significantly between young and elderly individuals,
the elderly had higher mean LyE values overall in compar-
ison to the young subjects (Table 1). Based on the sugges-
tions made by Buzzi et al. [11], these results may indicate
a neuromuscular effort by the elderly to maintain the
deterministic properties of gait while elements of stochas-
tic noise are introduced due to the degradation of the
nervous system.
BWS significantly affected the variability of the hip joint
(Figures 3 and 4). Earlier investigations [47,61] found that
higher levels of BWS lifted the center of mass and as a
result hip displacement decreased as there was less need
for propelling the body forward during gait. Specifically,
our results differ from Threlkeld et al. [47] who found
minimal variability in hip motion at comparable levels of
BWS, while our findings agree with those reported by
Finch et al. [61] who found variability in the hip angle to
be significantly more at 30% as compared to 10% BWS.
This outcome was attributed by these authors to the bal-
ance component of gait being stressed at higher levels of
BWS. Another explanation may be the decreased role that
limb loading plays at higher BWS levels. Decreased
amounts of gravity simulation have been shown to influ-
ence the muscular activity and coordination, thus alter
proprioceptive information arriving from the periphery
[62]. Hence, a new locomotive solution is being sought by
the neuromuscular system resulting in increased variabil-
ity. This may be the case with stroke patients with
impaired locomotion [28], where weight unloading may
lead them to seek new locomotive solutions resulting in
increased neuroplasticity and eventual improvements in
gait. BWS training might have similar results with the eld-
erly, by initially increasing their gait variability through
the exploration of new solutions, but the longitudinal
effect would be optimally a reduction in their gait variabil-
ity. However, this assumption must be tested via a longi-
tudinal study.
The level of BWS had less impact on the knee than it did
on the hip (Figure 4). Threlkeld et al. [47] also found min-
imal variability of the knee angle with increased BWS.
Finch et al. [61] and Hesse et al. [26] reported that with
increased levels of BWS more weight was supported by the
harness and there was decreased activity in the vastus lat-
eralis, which is a muscle of the knee that is sensitive to
limb loading. At higher levels of BWS, a reduction of force
at the knee might have resulted in less knee involvement.
Additionally, Kurz and Stergiou [12] found that there was
less certainty in the elderly CNS in selecting knee ROM
during gait. Our findings at 0% BWS (full weight-bearing)
confirm these results.
Foot function is very important during gait. Our results
indicated the BWS factor had a significant effect on the
ankle variability (Figures 3 and 4). In general, variability
at the ankle increased with higher BWS levels, which cor-
relates to the findings of Threlkeld et al. [47]. Earlier inves-
tigations with spinalized cats [14], stroke patients [26],
and paraplegics [27] confirm our findings. It was reported
that foot placement became unsteady and uncoordinated
at higher levels of BWS. However, given that BWS training
decreased the variability in ankle motion among those
with spinal cord injuries, perhaps similar outcomes may
eventually occur for the elderly. However, such a hypoth-
esis can only be answered via a longitudinal study.
The selection of the same speed for the various gravity lev-
els may be considered as a limitation. When walking at
different gravity levels, the stability of the system is
affected. For example, it is almost impossible to walk at
the same speed on the moon as on the Earth. That is the
reason why astronauts on the moon move much slower as
gravity is reduced. Consequently, if we had allowed the
subjects to self-select their speed at each BWS level, we
may have had different outcomes. We plan to explore this
question in a subsequent study. However, we elected to
maintain the same speed between BWS conditions, in
order to remove the effect of speed on the gait variability
changes due to the BWS factor. However, at the same time
we allowed the two groups to walk in their self-selected
pace. The older women in this study had a self-selected
speed that was significantly slower than the younger
women, which is in agreement with other studies
[2,3,59,60]. We decided to allow the two groups to walk
in their self-selected pace because we did not want to force
the elderly group to walk much faster than their natural
gait. This could have affected their gait variability [63],
especially when we consider that in the BWS conditions
they would had to maintain that same speed.
Another possible limitation of the study may arise from
the fact that the elder population is less familiar with use
of a treadmill. The measure of the self-selected or habitual
gait speed was performed on the treadmill where it may
be more influenced by fear or lack of familiarity with use
of treadmill which is common among older adults. There-
fore, the findings may just reflect a difference between the
level-ground habitual gait speed and the treadmill habit-
ual gait speed as opposed to an age related effect. How-
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ever, the treadmill has been utilized for several reasons: a)
to be able to collect data from multiple studies in order to
evaluate variability, b) it is really difficult to utilize BWS
without a treadmill, and c) gait training in other gait
related pathologies have been utilized with a treadmill
since the treadmill seems to facilitate activation of spinal
cord activation centers and enhance axon regeneration in
peripheral nerves [32,33].
Conclusion
Increased magnitude of variability in gait parameters has
been found to be a significant predictor of falling [5].
Another investigation by Buzzi et al. [11] has showed that
elderly had altered structure of variability by presenting
increased randomness in their gait patterns. They specu-
lated that this randomness is due to increased error within
the neuromuscular system. This error may lead to
increased likelihood of falling due to the inability of the
elderly to correctly select the appropriate gait pattern. If
the aging neuromuscular system is contributing to altered
gait variability and subsequent instability in the elderly,
then further investigation is needed to determine whether
gait training can improve gait function, and perhaps
reduce the incidence of falling, among the elderly.
In the present study, we found that different levels of BWS
and aging affected angular kinematic variability of the
hip, knee and ankle joints. Increased levels of BWS
resulted in increased linear and nonlinear measures of
joint kinematic variability. If the intent of BWS training is
to decrease variability in gait patterns and possibly reduce
the incidence of falling, certainly this cannot be supported
by our results. However, a limitation of the present study
is that we evaluated only "healthy" elders and not
"unhealthy" elders (i.e. fallers). Furthermore, we did not
perform a training study. It is possible that after several
weeks of training and increased habituation, these initial
increased variability values will decrease. This assumption
needs to be addressed in future investigation with both
"healthy" elderly and elderly fallers. In addition, it is pos-
sible that BWS training can have a positive transfer effect
by bringing overground kinematic variability to healthy
normative levels, which also needs to be explored in
future studies.
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